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GAMING AS A TECHNIQUEF OF ANALYSIS

h, M. Mcod
and
i. D. SBpecht

fhis is the age of the high-dpeed computer or, more popularly,
the gianl brain. Whether or not we can really breed intelligence
into our high-speed dizitel computers, however, i3 not a question
that will concern us hers. We are intereated, in fact, not in
digital but rather in anslog computers and, in fact, In cne element
of the many that go to make up a2n analoz device. Qur analcs element
18 not a differentiator or integratecr or multlplying circuit, but
a human, homo saplens we_hope. Thet 18, ocur concern here is nct
with computing machines that think, hut rather with the thinker
as part of a computing machine.

Ncw there 1s ncthing new in solving & problem by asking
an- expert in the subject — cr even an operaticns researcher —
to think about the problem. This process gcea back at least
to the first caveman who asked his nelghbor's opinicn cencerning
the c¢ptirmum tactics for tracking tigers. What does have s certaln
alr of novelty, however, 1s the growinz practice of imbedding a
sapient human in & machine and azcquiring thereby a new and different
sort ¢f machine — one whose capabilities and limitaticna are today
understood somewhat less than perfectly.

1n speaking cf a8 "machine” we may take the word 1literally
and understand by -1t a device tegotten of vacuum tubes, poten—
tiometers, and asscclated hardware. OCn the other hand, our machine

may be 8 loglcal structure represented cnly by symbols cn a plece
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of paper. Tne machines in which we are interested, however
protean in form, have a3ll of them similer functicns — each is
used tc help sclve problems connected with socme deciasicn process.

To change the terminology, cur machlne 18 a medel in the
sense In which that word 1s used in sclencific theory — a ncdel
of that part of the real world with which ocur declsion prcblem
must deal. It 13 2 black box into which we crank inputs and cut
of which are ground ocucputs. “rom these outputs we seek guldance
in cur decisicn preblem.

The traditional relation of man to model is threefcld. In
the first place man deslgns the machine. hat 1is, he decldes whet
factors are relevant tc the preblem and what the interactiocns
between these factors are to be in the machlne, 1In particular,
he decldes what varlaples are to be inputs, what are te be out-
puta of the hlack bex. In the second place, the ugser of the
mcdel, who may not be identical Qith the enlle tegetter cf the
black box, decidea the numerical velues of the Input varlables
fed into the machine. 4And, finally, man inspect3, anazlyzes,
interprets the results, the cutputs of Lhe mcdel.

the humen gqualities of Judgment and intultlion are essential
to all three ¢f the activities Juygt menticrnied: the design of the
model, the chclcece of input valueg, the analysis of outputs. Hut
within the black box nc mecitation goes cn. ‘he mschilne may contaln
random elements — dice cup and roulette wheel may be ameng 1ts
compenents — ¢r, cn the other hand, it may be ccmpletely deter—
ﬁinisLic. But In elther case the coperaticn cf the model, the

passage from inputs te ocutputs, cees nct invelve the attributes
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of Judgment and Intuiticn that we fcund necessary for the lnvention
of the nocdel.

New we change radicslly the nature of the machine by
imbedding & man (or severel men) within 1t. ‘e can, for example,
insert cur man inte the bleck bex by glving him a potentiometer
Lo twist and dials from which t¢ read the values of variables in
the machine, thua setting up a feedback loop.

In a symposium crganized to discuss the use and value of
war gzame mefhods, it 1s fitiinz that we take & war gswme as an
example of a model. In corder that our example 8et no foct on
terralin labeled secure, we choose it frem the military sctivities
of an earller century. Putting behind us the temptation t¢ discuss
the war cames conducted by Uncle Toby and Tcerporal Trim, tcgether
wlith the reccnnaissance campaign of the Widcw Wadman, we consider
instead the Amerlican Kriegssplel as played by the Volunteer MNilltlas
of Fhode Island in the years followinz the Clvil Var.

In the conventicnal war zame of that perlod, the led and ['lue
teams play through a military campaisn in detail over a map of the
theater. OCne or both players may fc¢llow a acenario, or each may
be free to plan his tactics and attempt to carry them cut under
the impact of his opponentt'!s acticns. The results cf the players!
moves are adjJudicated (after a certain amount cf debate) by the
umpire., For example, the umpire decides whether ied succeeded or
falled in eatablishing & bridgehead, whether llue was able to held
his strongpcint or was forced to withdraw, 5o far we eppear to

have only Chinkers, not a machine cr quantitatlve mcdel. 3But let
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ug turn to the American Krlegsaplel and the Volunteer Militia.

The imerican Kriezssplel was developed from its Prussian
counterpart, the latter havinz been introduced into this country
about 1665. The interactions of the elements, from the effect
of musketry fire to the veloclty effects of a cavalry charge,
were spelled out quantitatively, the rules were formelized, and
the umpire's functions could be limited tc¢ the determination of
random numbers for those cases 1in which the mMiles prescribed
probability distributions.

Ma Jor Livermore, author of "The American Kriegsspiel,“(l)
described the game &s follows. "The Kriegssplel 1s plaved upon
a topograrhical plan, with small blocks representing the troops,
which are proportional to the scale of the map .... When the
cosition of the bhlocks indicates that the hogtlle trocops are
within sight and range of each other, they may be suppcesed to
cpen fire, 1f the players desire 1it, and in this case 1t becomes
the umpire's duty to decide the result upcon the basls of experience.
The rules of the game explain to him how to estimate the loss from
this fire; for exsmple, i1t may have been found that in simllar
circumstances, the number of killed and wounded has varled from
ten to twenty; by throwinz a common dle he decldes whether to

688ign 8. greater or less result to the case In view."

From this quotation 1t is evident that the /imerican Kriegsspiel

came closer to resembling a parlor game than did these war zames 1In

which the experienced mllltary Judgment cf the umplre provided the
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link between the tactics chosen by Red and Blue and the resulta

of the engagement as measured by movement and acirition of forcea.
In the language we used earlier, the Krlezssplilel conatitutes a
mocdel, a black box in which the ied and Dlue players are integral
parts together with the mechanical elements as constituted by the
formal rules of the game and the random number generators. The
Judgment and intuitlon of the players are used at esch stage of
the zame to make declsicns as to allocation, deployment, and
operatlon of forces, These declsicns are made under the constralints
imposed by ithe rules, and the interactiocns of the varicus =lements
of the game are determined by the rules together with the random
nuribers generated.

This resemblance to 2 parlcr game 13 essential if gaming is
£0 be used 28 a8 technique of analysls. [he game representing the
problem must be easlly playable and must be played numercus times
by the same players s8¢ that they can develop a kncwledge of the
gtructure of the game and a feel for good siratezles. A zame that
ia to be replayed many times needs a fixed setr of rules so that
experience gained in one play 18 valid in other plays.

Cur example, the American Krieyssplel, has illustrated the
more or lesas traditional use ef the human computer as employed in
a &ar Zzame. This use of gaming can be extended to those non-—
military sltusticns that Ilnvolve elements cof ccnflict too important
to be ignored. That 18, gaming may be used to atudy situations in
which there are elements having a si: nificant effect but which arc

in the control of 2 competitor ¢r oppcnent. 3Such elements can be
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neglected only when the opponent's strategy is clearly fixed
and known — a condlitlion which sometimes obtalns in the case
of those gsimple problems which can be factored ocut of thelr

context and treated as component problems, but rarely in the
case of the more complex systems problems with which we are

here concerned.

Having thus dropped the word "war" from war zaming, we
can continue and abandon the gaming as well. That 1s, our man—
machine ccmputer may very well rind employment in the atudy of
precblems in which no element of conflict occurs. The computation
¢f the transportation capaclty of a ccmplex raill network may be
a case in polnt. Other examples c¢f a different character arise
in which the responses and interscticns of the humans in our
man—machire model are themselves the principal object of study.
The Syatems [lesearch Laboratory(e) at rAND has studied man-nmachine
problems involving "the interactions between & group of ... people,
asscociated machines and ccmmunications netwcrk werking agalnst a
system criterion.,"”

But i1f the characteristic of war gaming which !s important
for cperations research has nelther to do with war nor with zaming
but rather with the man-machine ccmputer, then the name "war
gaming" may be something of a misncmer. Fcorse has used variously

it

the labels "simplified zaming," "the gaming technique," and
"simulated cperational experiment" to refer to the use cf the
human as part of the model. /s Morse says,(a) "Simplified zaming

furnishes ancther meana cof opersticnal experiment. Sometimes it
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1s not sufficient to provide the random proccesses and then just
compute the consequences; human Judgment or human competition
may also enter. In this case we may simplify the operation dcwn
to a specialized game (two-person or solitaire as the case may be)
with the random events and other rules devised to provide a8 clcae
analogue with the actual operation. 3y observing a reasonably
intellizent person learn to play such a game we can often learn
a great deal about an actual operation that i3 far too complicated
tc be analyzed by theoretical means." Morse goes on to deseribe
the aoclution of antisubmarine sir-gesrch prcblem by thils gaming
technique and says "vWlthin these few weecks we learned more about
the more ccmplicated prcblems of submarine sesrch than © months
of analytic work had taught us. 3Sesrch theory could work out
the simple cases well encugh; the cocmplex cases, when there were
not enough planes, or when delays cccurred 1ln starting the search,
had to be worked out by gaming."

vhal, abcut the difficultles that attend the use of gaming.
There is no need tc dwell here upon those stumbling blocks that
are ever with us regardless of the technique of solution. The
central problem — that of the wise selection of criterion cr
payoff — 13 Just as important and no easier of sclution, whether
gaming 1s used or no. The related questions of adequate measures
of cost and effectiveness, of 1loss and profitc, are still essential,
and these measufes are nct always easy to arrive at. A3 in any

operations research proJject, we must declde how much context i3 to be
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provided as a necessary background for cur problem, hcw extensive
& 8lice of the real world is tc be mcdeled. I the Volunteer
Milltia uses the American Kriegsspiel Lo study new tactlcs
propcsed for the horse artillery, then 1t may be that little
additional context is needed. A game may ve desizned with few
elements other than those directly and c¢bviously concerned with
the horse artillery. If, on the other hand, the game i3 called
upon for aasiatance in deciding proper budget'for the horse
artiilery, then far more context is required. This i3 a gystem
problem rather than a ccmpcnent prcblem; it i3 8 problem that
can not be detached from its natural confext, that can not be
factored out and treated separately {rom all the cother military
and econcmlc f'actors that are entangled witn it,

Ancother vexing problem, but azain one ncet unique te gaming,
is that of the proper amcunt of fine structure tc be included in
the model. In our sttempr tc be realistic, how much detall must
be preserved, how much can be sloughed off cr agzregated. The
player of American Kriegsspiel can even dispatch a cavalry charze
and take into account the aversion of the horses to tread upon
prone infantrymen.

These problems of suitable criterion, adequate measures of
coBt, proper amount of context, necessary level of detalil are
important problems; they deserve all the study and nced all the
help the OR3A can give. But they are nct unique to gamlngz; on
the contrary, the analyat must contend with them however he may

choose to make his analysis. On the c¢ther hand, gaminz dces
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aggravate some of these knotty pceinta and may even introduce =

few of ita own. Consider the matter of evaluating the sensitivity
of the results of an anlysls to parameter values, to mcdel struc—
ture, to payoff. In the simplesat of models it may be pcssible to
make sensitivity tests analytlcslly. More complex models may
demand extensive numerical computation, particularly if random
elements are present. The sensitivity problem becomes even harder
to handle 1f human decision 1inks are used in the mcdel, that 1s,
if the analysis employs zaming. A partial solution lies in the
direction of making the game easily playable and hence repeatable.

A second apperent drawhack to gaming 1s that it discards
the possibillity cf analytical optimization. The theory of games
has developed a considerable body of clarifying ideas and a
technique which can analyze simple economic and tactical questions.
In particular, the theory of games may furnlish sclutions to some
factorable compcnent problems and these suboptimizations may be
bullt inte ocur machine. However, the theoretical technlques now
avallable are not even remotely capable of dealing with complex
systems'problems.

The last difficulty attendant upon gaming to be mentioned
here 1s that playling a game may be too easy and too attractive,
That 18, the temptation 1s great to devote too much effort to
play, toc little effort to good design of play and of the game
1tself tc¢ the end that desired results may be achieved. An allied
point is that of achleving good play, of insuring, for example,

that a player's decision is made 1n accecrdance with the specified




~10-—

criterion cr payoff of the geme and not dictated merely by the
gquirks and crotcheta of the individual humsn player, bedeviled
a8 he 1s by the accumilated prejudices of a lifetime. However,
this is less of a stumbling block for gaming than might first
be supposed. The human decision link in our machine 18 not free
but 1s rather bound by all the constrsints of the machine, con-
stralnts that expreas the structure c¢f the medel and that have
been arrived at by combining the knowledze and experience of
many experts. So, while irrational play may be present in either
the gaming sclution of a problem or in a solution arrived at by
a round-—-table dlacussion among experts, the gaming technlque dces
have 3some bullt—in safemuards,

We have characterized gaming as the use of a model containing
a human decision link. Now this man inside the machine is not a
hypothetical Maxwell's demon with that character's attribute of
infallibility. On the contrary, we have a real and therefore
fallible human. What can we poasibly gain by adding to our machine
an element whcse unreliability and unpredictableneas exceed that
cf cur electronic gear. In other words, why game?

The conatruction of & game involves Judgment at every turn:
in the sccpe ¢f the game, the level of detall, the content of
the rules, the adequacy of 1ts represencation of reality, the
cpinions cf players as to what are zood strategies., Why not Juat
anawer the questions the game is supposed to analyze by referring
tc an expert in the area of the given problem? What does the game

dc that an expert cannot dc?
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The experc, of course, 18 not the c¢nly alternative to the
use of the man-machine computer in studying complex problems.
Instead of dispensing with the machine w2 can dispense inatead
with the man. The former cholce corresponds to the use of the
expert --- or a committee of experta. The latter course i3 the
usual scientific model-building of the operations researcher,
This_modeling of the real world by a machine has been a potent
tecl in the study of component problems. or the more complex
systems problems thav cannot be factored cut of thelr context,
however, snalysis by a model, by a pure machine, is ususlly
feasible only if the resl world 18 ruthlessly simplified with
the accompanying sacrifice of elements that may be essentilal.

A zame pools the knowledge of numercus experts, ‘he more
complex a problem is, the less the likelihood that & person can
be found who is expert in all its facets. And even if such o
person could be found, he would himself have to integrate in
his mind all this special knowledge into one coherent structure
and analyze thet structure,

Having Just disposed of the cathelic expert, we must now
admit that we have been toc glib — that we can not really dispgnse
with him completely, although we can make his Job a finite and
feasible one. TFor recall that the man within the machine 18 not
the only human inveolved In the game. As we saw earlier in
talking of scientific model building and using, man desizns the
model, chooses input values, and analyzes the results. The

desizning of a model, the writing of a set of rules for s game
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is a major project. Decisions must be made ss to the amount of
context to be included. Those aspects which are retained in the
game musat be almplified and combined into easlly manipulable
factors in the interest of having a playable and understandable
game. Planning factors must be compiled, the interacticnc cf
various factors spelled ocut, and side studies made to fill in
areas where rules are necessary but knowledge lacking.

In the lanpguage of our computer analogy, the zreat advantage
of the man coperating within the machine 13 that he i3 not free.
He 138 bound by the constraints of the model, constraints that
have bheen bullt into the machine to represent the results of
compenent studies on variocus pieces of the problem, and the
pooling of experience and Judgment concerning portions of the
prcblem.

Gaming, like all model bhuilding, has snother paramount
advantaze over unbuttoned Judgment — 1t forces the explicit
recognition and statement of assumptioné. Intuition and instinct
are indispenssble to the operationsa researcher; abandon them and
he abandons the power of creative thoupght. But however important
are suggeation and supposition, speculation and surmise, it is
equally important that these things be clearly recognized and
labeled.

A virtue of zaming that 1s sometimes overloocked by those
seeking grander goals —- the solution of allocation problems or
the study of the mlilitary woerth cconcept, for example — i3 1its

unparalleled advantages 1n traininz and educational pr. grams.
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A zame can easily be made fascingting enough tc put over the
dulleat facta. Tc sit dewn and play through s zeme is to be
cenvinced as by nc argument, hcwever persuasively presented.

But tc return tc cur diacusslon cf the use c¢f man-machine
a3 oppcsed tc machine alone cr man alone. lcor @ very complex
problem 1t certainly 18 necessary to combine the knowledge and
experience of meny experts. It is a plausible assumpticn that
8 carefully organized combinaticn of thelir lkncwledge intc a3
single self-—consistent whcle would provide 2 much flrmer basis
for decisicns than, say, a round-table diacusslcn among experca.
Of course, it is & zreat deal more trouble tcc, but we face many
prcbieme that Justify the effcert.

A zeme 13 an endeavor to put down in writing & basic
structure which must necessarily be a2 part of any intelligent
ccnsideration of any nonfactcrable prcblem. FPeople car then see
it and study it and debate ict, and over a periocd of time arrive
at some scrt of general agreement about it. Iven when that has
been sccomplished, gaming 18 edmittedly an inexact analytical
tocol beside the methcods thet chemisats and physiciags use, for
example., But it 18 a wide atep beyond armchair Judzment in the
sense thet it provides an cperational and rcughly verifiable
(repestable by cther persons} technique fcr dealing with probleins

not otherwise amenable to quantitative analysis.
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